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57 ABSTRACT

The 1nvention 1s directed to a paper-making machine for
making a paper web from a fiber suspension. The paper-
making machine includes a headbox having an entrance, a
fluid conduit connected to the headbox entrance, and a
deacration device with an exit connected to the fluid conduat.
The deaeration device includes a housing and a pipe. The
housing including an 1nner surface defining an 1nner cham-
ber. The pipe 1s disposed at least partially within the housing
and 1s configured to receive the fiber suspension. The pipe
has a plurality of outlets disposed within the inner chamber
of the housing. Each of the outlets 1s configured to output a
stream of the fiber suspension against and at an acute angle
relative to the 1nner surface of the inner chamber. A vacuum
source 1s connected to the housing and 1s 1n fluid commu-
nication with the inner chamber.

15 Claims, 2 Drawing Sheets
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PAPER-MAKING MACHINE INCLUDING A
DEAERATOR FOR A FIBER SUSPENSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to paper machines, and,
more particularly, to paper machines including a deaerator

for the fiber suspension which 1s connected to an inlet side
of a headbox.

2. Description of the Related Art

A paper making-machine 1s used for making a fiber web
from a fiber suspension. The fiber suspension 1s introduced
into a headbox, such as a valley or a hydraulic headbox, at
the wet end of the machine. The headbox discharges the fiber
suspension with a particular cross-sectional profile onto a
forming fabric on the wet end of the machine. The fiber
suspension 1s typically in the form of fibers, such as wood
fibers, which are suspended in water.

It 1s necessary to treat the fiber suspension which 1s
introduced into the headbox such that the fiber web pro-
duced as the end product 1s of a particular quality with
minimal defects. For example, the fiber suspension may be
cleaned and bleached prior to introduction 1nto the headbox.
Another factor which tends to affect the quality of the fiber
web 1s the mclusion of air 1n the fiber suspension as a result
of various treating processes assoclated with the fiber sus-
pension prior to being introduced into the headbox. Air
within the fiber suspension 1s undesirable from a manufac-
turing and efficiency standpoint. For example, the air within
the fiber suspension occupies a certain volume of the fiber
suspension and interferes with drainage of the fiber suspen-
sion after being discharged from the headbox onto the
forming fabric.

It 1s known to provide a deaeration unit which 1s con-
nected to the inlet side of the headbox for the purpose of
removing air {from the fiber suspension. Such a deaeration
unit typically 1s 1n the form of a large tank having a vacuum
applied thereto using a vacuum source. An air space €xists
within the tank above the fiber suspension flowing there-
through. The vacuum within the tank causes the air bubbles
within the fiber suspension to expand and rise to the top of
the fiber suspension. The air bubbling to the top of the fiber
suspension 1s drawn away from the tank using the vacuum
source connected therewith.

A problem with a deaeration tank as described above 1s
that only the top surface of the fiber suspension 1s exposed
to the vacuum pressure. In other words, only a relatively
small surface area of the fiber suspension when compared
with the overall volume of the fiber suspension is directly
exposed to the vacuum pressure. The etficiency of such a
deaeration tank 1s therefore somewhat limaited.

What 1s needed 1n the art 1s a deaeration unit which
provides improved deaeration of the fiber suspension which
1s mtroduced into the headbox.

SUMMARY OF THE INVENTION

The present invention provides a deaeration device for use
with a paper machine. The deaeration device includes a
housing defining an inner chamber with an mner surface.
The fiber suspension 1s jetted against the arcuate top surface
at an acute angle and travels around the inner surface and out
an outlet of the deaeration device.

The invention comprises, 1n one form thereof, a paper-
making machine for making a paper web from a fiber
suspension. The paper-making machine includes a headbox
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having an entrance, a fluid conduit connected to the headbox
entrance, and a deaeration device with an exit connected to
the fluid conduit. The deaeration device includes a housing
and a pipe. The housing includes an arcuate inner surface
defining an inner chamber. The pipe 1s disposed at least
partially within the housing and 1s configured to receive the
fiber suspension. The pipe has a plurality of outlets disposed
within the 1nner chamber of the housing. Each of the outlets
1s configured to output a stream of the fiber suspension
against and at an acute angle relative to the 1nner surface of
the 1nner chamber. A vacuum source 1s connected to the
housing and 1s 1n fluid communication with the mnner cham-
ber.

An advantage of the present invention 1s that the fiber
suspension travels over a relatively long travel length around
the arcuate inner surface of the inner chamber, thercby
increasing the surface area and time i1n which the fiber
suspension 1s exposed to the vacuum pressure, resulting in
an 1mproved deaeration of the fiber suspension.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages
of this invention, and the manner of attaining them, will
become more apparent and the invention will be better
understood by reference to the following description of
embodiments of the 1nvention taken 1n conjunction with the
accompanying drawings, wherein:

FIG. 115 a schematic view of a portion of a paper-making,
machine 1including an embodiment of a deaeration device of
the present mvention;

FIG. 2 1s an end view of the deaeration device shown 1n
FIG. 1; and

FIG. 3 1s a schematic view of a portion of a paper-making
machine including another embodiment of a deaeration
device of the present invention.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein illustrate one preferred embodiment of the
invention, in one form, and such exemplifications are not to
be construed as limiting the scope of the mvention 1n any
manner.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings and more particularly to
FIGS. 1 and 2, there 1s shown a portion of a paper-making
machine 10 including a headbox 12 and an embodiment of
a deaeration device 14 of the present invention.

The term “paper-making machine” or the like, as used
herein, 1s used broadly and intended to mean any machine
used for making a fiber web such as, €.¢g., a fiber web for the
production of paper, cardboard or carton.

Headbox 12 1s shown schematically in FIGS. 1 and 2.
Headbox 12 receives the processed fiber suspension at an
entrance 16 and discharges the fiber suspension from a
discharge nozzle 18 onto a forming fabric 19 at the wet end
of the paper-making machine. Headbox 12 may be any type
of a headbox, such as a hydraulic or valley headbox.

Deacration device 14 1s used for deacrating the fiber
suspension which 1s supplied to headbox 12 via a fluid
conduit 20. Deaeration device 14 includes a housing 22 and
a pipe 24. Housing 22 has an exit 26 which 1s connected to
fluid conduit 20, which 1n turn 1s connected to inlet 16 of
headbox 12. Housing 22 also includes an inner surface 28
which defines an inner chamber 30. Inner chamber 30 has a
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substantially circular cross-section (FIG. 2), with exit 26
being disposed at the bottom of inner chamber 30.

Pipe 24 extends through an end cap 32 of housing 22
toward and into 1inner chamber 30. Pipe 24 includes a flange
connection 34 which 1s configured for connection with an
upstream portion of the stock preparation and supply system
such that the fiber suspension 1s supplied to an interior 36 of
pipe 24.

Pipe 24 also includes a plurality of outlets 38 which are
disposed within inner chamber 30 of housing 22. Each of
outlets 38 are configured to output a stream of the fiber
suspension against and at an acute angle relative to i1nner
surface 28 of housing 22. In the embodiment shown in FIGS.
1 and 2, outlets 38 are configured to output a plurality of
respective streams of the fiber suspension 1 a generally
vertical direction against inner surface 28. However, outlets
38 may be configured to output respective streams of the
fiber suspension at different acute angles relative to 1nner
surface 28. For example, outlets 28 may be configured to
output respective streams of the fiber suspension at a greater
acute angle against 1nner surface 28, as indicated by dashed
line 40 1n FIG. 2. Moreover, 1n the embodiment of deaera-
tion device 14 shown in FIG. 2, pipe 24 is shown offset (i.e.,
to the right in FIG. 2) relative to a vertical axis passing
through housing 22. The actual value of the acute angle
between the output streams of the fiber suspension from
outlets 38 and 1nner surface 28 also varies dependent upon
the exact position of pipe 24 within housing 22. Thus,
dependent upon the rotational orientation of outlets 38 and
the exact positioning of pipe 24 within housing 22, the acute
angle between the streams of fiber suspension and inner
surface 28 may vary from between approximately 10° and
80° relative to a tangent to the impingement locations of the
fiber suspension on inner surface 28.

Outlets 38 are formed as substantially cylindrical open-
ings 1n pipe 24 in the embodiment of deaeration device 14
shown 1n FIGS. 1 and 2. However, outlets 38 may be formed
with any suitable shape to discharge a stream with a desired
pattern onto inner surface 28 of housing 22. For example,
outlets 38 may be formed such that the fiber suspension is
discharged onto i1nner surface 28 in a fan-shaped stream.
Moreover, outlets 38 may be step drilled with a number of
different diameter stepped openings to provide a stream of
the fiber suspension with a desired pattern for impingement
upon 1nner surface 28.

From the foregoing description, it 1s apparent that pipe 24
defines a device for receiving a fiber suspension and jetting
the fiber suspension from outlets 38, whereby the fiber
suspension Impinges upon inner surface 28 at an acute angle
relative thereto. It 1s to be understood, however, that other
equivalent-type devices for deaerating the fiber suspension
are also possible. For example, 1t 1s possible to provide a first
larger diameter pipe with a second, slightly smaller diameter
pipe disposed therein. The fiber suspension may be received
within the annular space between the two pipes and dis-
charged from a plurality of outlets formed 1n the inner pipe
against an inner surface of the inner pipe defining the 1nner
chamber. Other variants are also possible.

A vacuum source 42 1s connected to housing 22 and
disposed 1n fluid communication with inner chamber 30.
Vacuum source 42 may be, €.g., 1n the form of a vacuum
pump which draws a desired vacuum on inner chamber 30
of housing 22. For example, vacuum source 42 may be
configured to effect a vacuum within inner chamber 30 of
between approximately 20 and 29 inches Mercury. Of
course, the particular vacuum pressure within inner chamber
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4

30 may vary dependent upon geometric and operational
characteristics associated with deaeration device 14.

Pipe 24, defining a fiber suspension receiving and jetting,
device, allows a greater surface arca of the fiber suspension
to be exposed to the vacuum pressure within inner chamber
30, thus improving the deaeration of the fiber suspension.
The larger surface areca which 1s exposed to the vacuum
pressure and the longer time period during which the surface
arca 15 exposed to the vacuum pressure results in more air
bubbles being drawn to the surface of the fiber suspension
and removed from 1nner chamber 30 via vacuum source 42.
The present invention therefore provides a simple, economi-
cal and low maintenance alternative for deaeration of the
fiber suspension prior to introduction mto headbox 12.

Deaecration device 14 may also include an overtlow outlet
44 connected to housing 22. Fiber suspension which rises
above a wall 46 within mnner chamber 30 flows mto overtlow
outlet 44 for appropriate recycling, etc.

A centrifugal pump 48 1s connected to fluid conduit 20,
and 1s positioned between deaeration device 14 and headbox
12. Fluid conduit 20 includes a drop leg 20A having a length
of approximately 40 to 50 feet which functions to provide a
suflicient pressure head to adequately supply the fiber sus-
pension to centrifugal pump 48. To wit, centrifugal pump 48
may experience cavitation if the fiber suspension i1s not
supplied under positive pressure thereto. Drop leg 20A of
fluid conduit 20 provides a pressure head at centrifugal
pump 48 of known magnitude, and thus a positive pressure
within the fiber suspension supplied to the inlet of centrifu-
cgal pump 48. Of course, the length of drop leg 20A will vary
dependent upon a flow rate through centrifugal pump 48, the
diameter of drop leg 20A, efc.

During use, fiber suspension enters pipe 24 and 1s dis-
charged under pressure against and at an acute angle relative
to mner surface 28 of housing 22. The fiber suspension tlows
around a substantial portion of arcuate inner surface 28. The
orcater surface areca of the fiber suspension which is 1n
contact with the vacuum within inner chamber 30, and the
longer time period during which the fiber suspension 1is
exposed to the vacuum pressure within inner chamber 30,
results 1n adequate deaeration of the fiber suspension. The
deacrated {fiber suspension flows over wall 45 and out
through exit 26, drop leg 20A, centrifugal pump 48, fluid
conduit 20 and mto entrance 16 of headbox 12. The deaer-
ated fiber suspension 1s then discharged from discharge
nozzle 18 onto forming fabric 19 at the wet end of the
paper-making machine.

Referring now to FIG. 3, there 1s shown a schematic view
of another embodiment of a deaeration device 50 of the
present invention. Deaeration device 50 includes a housing
22, a pipe 24 disposed partially therein, and a vacuum source
42, similar to the embodiment of deaeration device 14
described above with reference to FIGS. 1 and 2. However,
deaeration device 50 includes a single exit 52 which 1s
connected to a positive displacement pump 54. In the
embodiment shown, positive displacement 54 1s 1n the form
of a sine pump 54 with known output characteristics. Sine
pump 54, by virtue of being a positive displacement pump,
does not suffer from cavitation problems associated with a
centrifugal pump 48 of conventional design as described
above with reference to the embodiment of deaeration
device 14 shown 1n FIGS. 1 and 2. Accordingly, exit 52 need
not be connected with a long drop leg for supplying a fiber
suspension under positive pressure to sine pump 54. Rather,
the vertical drop distance to the inlet of sine pump 54 1s only
that necessary for clearance of exit 52 between housing 22
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and sine pump 54. For example, the vertical drop distance
may be between 1 to 5 between a bottom surface (not
numbered) of housing 22 and sine pump 54.

Eliminating the long drop leg between housing 52 and
sine pump 34 results 1n a substantial decrease 1n the amount
of space which 1s required for placement of the various parts
assoclated with deaeration device 50. This 1n turn allows
housing 22 and sine pump 54 to be placed relatively close to
cach other, resulting 1n a more compact unit.

A sensor 56 may be disposed within inner chamber 30, on
a downstream side of wall 38 for controlling the operational
speed of sine pump 54, dependent upon the fluid height of
the fiber suspension on a downstream side of wall 38.

Operation of deaeration device 50 1s very similar to the
operation of deaeration device 14 described above.
However, the deaerated fiber suspension flows through exit
52 and into sme pump 54 without flowing through a long,
vertical drop leg.

While this invention has been described as having a
preferred design, the present invention can be further modi-
fied within the spirit and scope of this disclosure. This
application 1s therefore intended to cover any variations,
uses, or adaptations of the invention using its general
principles. Further, this application 1s intended to cover such
departures from the present disclosure as come within
known or customary practice in the art to which this imnven-
tion pertains and which fall within the limits of the appended
claims.

What 1s claimed 1is:

1. A paper-making machine for making a paper web from
a fiber suspension, said paper-making machine comprising;:

a headbox having an entrance;

a fluid conduit connected to said entrance of said head-
box;

a deaeration device 1ncluding a housing and a single pipe,
said housing having an exit connected to said tluid
conduit, said housing including an arcuate inner surface
defining an mner chamber, said pipe disposed at least
partially within said housing and being configured to
receive the fiber suspension, said pipe having a plural-
ity of outlets disposed within said inner chamber of said
housing and entirely to one side of a vertical plane
longitudinally bisecting said inner chamber, each said
outlet being configured to output a stream of the fiber
suspension against a portion of said inner surface on
said one side of said vertical plane and at a substantially
equal, upwardly directed and predetermined acute
angle relative to said inner surface; and

a vacuum source connected to said housing and in fluid

communication with said inner chamber.

2. The paper-making machine of claim 1, wherein said
inner chamber has a substantially circular cross-section and
said housing exit 1s disposed at a bottom of said inner
chamber.

3. The paper-making machine of claim 1, further com-
prising a positive displacement pump connected to said fluid
conduit and positioned between said deaeration device and
said headbox.

4. The paper-making machine of claim 3, wherein said
positive displacement pump comprises a sine pump.
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5. The paper-making machine of claim 1, wherem said
vacuum source 1s configured to effect a vacuum within said
inner chamber of between approximately 20 and 29 inches
Mercury.

6. The paper-making machine of claim 1, wherein each
said outlet 1s configured to output a stream of the fiber
suspension at an acute angle of between approximately 10°
and 80° relative to said inner surface.

7. A paper-making machine for making a paper web from
a fiber suspension, said paper-making machine comprising;:

a headbox having an entrance;

a fluid conduit connected to said entrance of said head-
box;

a deaeration device including a housing having an exit
connected to said fluid conduit, said housing including,
an arcuate inner surface defining an 1nner chamber, said
deacration device further including means, defining a
plurality of outlets within said inner chamber, for
receiving the fiber suspension and jetting the fiber
suspension from said outlets, said receiving and jetting
means being disposed entirely to one side of a vertical
plane longitudinally bisecting said inner chamber,
whereby substantially all of the fiber suspension
impinges upon a portion of said nner surface on said
one side of said vertical plane at a same predetermined,
acute angle relative to said inner surface; and

a vacuum source connected to said housing and 1n fluid

communication with said inner chamber.

8. The paper-making machine of claim 7, wherem said
receiving and jetting means comprises a pipe disposed at
least partially within said housing.

9. The paper-making machine of claim 7, wherein said
receiving and jetting means 1s disposed at least partially
within said mner chamber.

10. The paper-making machine of claim 7, wherein said
inner chamber has a substantially circular cross-section and
said housing exit 1s disposed at a bottom of said inner
chamber.

11. The paper-making machine of claim 7, further com-
prising a positive displacement pump connected to said fluid
conduit and positioned between said deaeration device and
said headbox.

12. The paper-making machine of claim 11, wherein said
positive displacement pump comprises a sine pump.

13. The paper-making machine of claim 7, wherein said
vacuum source 1s configured to effect a vacuum within said
inner chamber of between approximately 20 and 29 inches
Mercury.

14. The paper-making machine of claim 7, wherein each
said outlet 1s configured to output a stream of the fiber
suspension at an acute angle of between approximately 10°
and 80° relative to said inner surface.

15. The paper-making machine of claim 7, wherein said
same predetermined, acute angle 1s such that substantially
all of the fiber suspension tlows from said one side of said
vertical plane to an other side of said vertical plane along
said 1nner surface of said housing.
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